deafness, corneal flattening, alopecia, polydypsia, diarrhoea, and eventual death. Similar lesions have been induced in both omnivorous and carnivorous animals.
Pathology.-The muscles showed atrophy, necrosis, fragmentation, hyaline changes, and collagen necrosis with little cellular reaction and no fibrosis. A great deal of the collagen necrosis was located in and around blood vessels in the intestinal submucosa, in the intertubular spaces in the kidney, and in peri-articular tissues, and was frequently associated with calcific deposits. The joints themselves were not involved. Macrophages and giant cells were occasionally noted in the affected muscles. Patchy necrosis of liver cells with occasional calcification was observed. Varying degrees of atrophy of testicular tubules occurred.
Abnormal Physiology.-A macrocytic anaemia, eosinophilia, increased sedimentation rate, and reversal of the Albumin/Globulin ratio were observed. A variety of disturbances in body chemistry was noted by Van Wagtendonk and others (1943-49) ; most important among these, for our present purposes, are a decrease in hydrolysable phosphorus in liver and kidneys, and a lowering of creatine phosphate and of adenosine-phosphates in muscle.
It is believed that this deranged phosphorus metabolism leads to a higher level of non-diffusible calcium in the blood, probably in the form of a colloidal calcium phosphate complex (Van Wagtendonk and Freed, 1947) , which, in chronically deficient animals, is deposited in the tissues as calcium phosphate and carbonate. Creatinuria does not occur.
Reversibility of Lesions.-All these abnormal changes can be prevented by the addition of fresh kale or raw cream to the deficient diet. Continued administration of a fat-soluble fraction from unpasteurized cream reversed the derangements in phosphorus and calcium metabolism, and large doses eventually caused resorption of the deposits of calcium and disappearance of the " clinical " manifestations of the deficiency syndrome. Thus it is evident that this dietary factor behaves as a fat-soluble vitamin and is concerned in the regulation of phosphorus and calcium metabolism. That the deficiency state is not due to lack of any of the known vitamins is shown by the studies of Van Wagtendonk (1944) who found that the syndrome develops despite the addition of optimal amounts of (1) thiamin-chloride riboflavin, pyridoxine-hydrochloride, calcium pantothenate, biotin, inositol, p-amino-benzoic acid, choline, and ascorbic acid; (2) carotene, viosterol, alphatocopherol, and 1 *4 dimethyl naphthoquinone. (Cod-liver oil hastens the onset of the symptoms and aggravates them when present; Van Wagtendonk and Wulzen, 1943.) Application to Human Disease Since muscle stiffness is common to several rheumatic diseases, the possibility that lack of the anti-stiffness factor might play a role in these diseases seemed worthwhile investigating. Radiographs (Fig. 3 ) of a guinea-pig kept for 19 months on a diet lacking the anti-stiffness factor disclosed lesions typical of circumscribed calcinosis and stimulated us to collect and study a series of cases of this rare disease for comparison with the experimental lesions and for a therapeutic trial of the anti-stiffness factor. Durham (1928) , Rothstein and Welt (1936) , and Atkinson and Weber (1938) .
Comparison of Experimental and Spontaneous Calcinosis.-In Figs 1 and 2, identical, small, circumscribed calcium deposits are seen to be situated deep in the root of the neck directly opposite the origin of the first rib, a not uncommon site for calcium deposition early in the course of scleroderma. Fig. 1 shows a guineapig deprived of the anti-stiffness factor for seven months. Fig. 2 shows a patient, Mrs. M., who had suffered from typical diffuse scleroderma for eleven -years. This radiograph was taken in 1935, at which time no other calcifications were ANNALS OF THE RHEUMATIC DISEASES detected. Fig. 3 shows circumscribed, cloudlike deposits of calcium round the shoulder joint of a guinea-pig kept for 19 months on a diet deficient in anti-stiffness factor and may be compared with Fig. 4 There is complete absence of circumscribed calcifications near thejoints or elsewhere. An almost identical picture is presented for comparison in Fig. 6 . This is from a patient, Miss D., aged 23, whose record was supplied by Dr. George Farrar and Dr. D. A. Simpson of the Episcopal Hospital. This patient had had generalized swelling 100 group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from THE " ANTI-STIFFNESS FACTOR " AND CALCINOSIS and redness of the skin after a respiratory infection four years before admission. The muscles were quickly involved and within one year skin and muscles were bound down to the underlying structures over wide areas of the body and hardened to the consistency of leather. There were widespread flexion deformities, emaciation, and ;
, episodes of fever. Laboratory studies showed anaemia and elevated total serum proteins. No calcifications were noted a year prior to this study. A diagnosis of interstitial calcinosis complicating dermatomyositis was made. The patient had taken irradiated ergosterol for a few weeks before entering the hospital, but it is felt to be unlikely that the universal calcifications could have occurred in this short period of time. (Similar interstitial calcinosis is known to occur in the absence ofthis medication.) Discussion.-The radiographs show an obvious and striking similarity between the calcific lesions induced by lack of the anti-stiffness factor in guinea-pigs and those of spontaneous human calcinosis. This is true for both the circumscribed and interstitial forms. It would seem to us most unlikely that both could be due to chance alone. We do not imply that human calcinosis is caused by lack of the anti-stiffness factor, but it seems very probable that some metabolic disturbance is common both to the experimentally induced and to the spontaneous lesions, and it is noteworthy that collagen necrosis is common to the whole group. In addition we have in the guinea-pigs other features frequently found in the collagen necrosis group of diseases (chronic fever without evidence for infection, anaemia, eosinophilia, increased sedimentation rates, and reversal of the Albumin/Globulin 102 group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from THE " ANTI-STIFFNESS FACTOR" AND CALCINOSIS ratio). Of the two types, the interstitial calcinosis with muscle atrophy has more features in common with the guinea-pig lesions. The histopathology of the guinea-pig lesions is not identical either with that of scleroderma or of dermatomyositis (with or without calcinosis), although many similarities co-exist. Sclerodermatoid lesions have been reported in human cases of chronic malnutrition (McMillan, 1943) , and rheumatic diseases are commonest in the low-income groups in which nutrition is apt to be poor.
Previous studies (Cornbleet and Struck, 1937; Leriche and Jung, 1935) have shown that scleroderma is frequently, if not always, associated with calcium retention even though it may not be demonstrable by x-ray. (Calcification is also found clinically in hyperparathyroidism, renal failure, Paget's disease, etc., but is not generally of the same degree or distribution as that found in calcinosis and would not, therefore, seem related to the present study.)
It is important to evaluate the possible role of vitamin D in the production of the calcifications in both patients and animals since hypervitaminosis D can cause circumscribed calcifications quite similar to those observed in calcinosis (Freeman and others, 1946) . Regarding the patients, the calcification caused by hypervitaminosis D tends to disappear after withdrawal of the drug, whereas, in calcinosis, the calcifications are regrettably permanent. Both circumscribed and interstitial calcinosis were described before the present era of high vitamin D dosage, made possible by the ergosterols. As reported in the literature, calcinosis characteristically occurs in the absence of vitamin D medication. It is, of course, possible that the administration of vitamin D might increase the tendency to calcification, since it aggravated the symptoms in the animals.
In the guinea-pigs the lesions developed on diets containing only physiologic amounts of cod-liver oil or ergosterol, but did not develop if the anti-stiffness factor was added to the same diets. Long-continued administration of the antistiffness factor caused the calcium deposits to disappear in some animals. The lesions were not due to the high calcium and phosphorus intake occasioned by a skimmed-milk-powder diet, since they did not develop when the anti-stiffness factor was added to the same diet.
Clinical Trial of the Anti-Stiffness Factor
The anti-stiffness factor, as present in raw cream, unheated molasses, and various concentrates,* was administered to a small series of cases of rheumatoid arthritis and of primary fibrositis with no subjective or objective benefit. Because of the difficulty of assaying these various sources for their actual anti-stiffness potency, we do not feel sure that adequate amounts were actually administered.
A series of ten cases of scleroderma (some with, and some without, calcinosis), was collected and treated with various source materials and concentrates of the anti-stiffness factor for periods ranging from two months to two years. The disease had been present for periods ranging from two months to 35 years before treatment was instituted. Three of the cases showed clinical evidence for avitaminosis B: atrophy of the tongue, diarrhoea with vitiligo, and corneal vascularization respectively. In one case there was a definite history of malnutrition and inadequate vitamin intake.
In evaluating any treatment of scleroderma one should bear in mind that no improvement can be expected in those areas where the normal skin structures have been replaced by fibrous tissue. Any favourable effect would be confined to the oedematous and inflammatory areas of the skin where the disease is in its active phase. Also, it must be remembered that it is exceedingly difficult to evaluate objectively anything less than a major improvement.
Four of the ten cases of scleroderma exhibited calcinosis varying from a few spicules in the skin as shown by x-ray to massive deposits near many joints. Treatment with the anti-stiffness factor over periods of six months fo two years in these cases failed to produce the slightest change in the calcium deposits. The negativity of these results is heightened by previous reports of successful removal or amelioration of calcinosis by a ketogenic diet, by ammonium chloride, and by low calcium diets. In five of the ten cases no change in the scleroderma beyond the normal variations of the disease could be determined. The average duration of treatment was seven months. One patient became pregnant during the observation period. Her scleroderma was not improved. Fig. 7 ).
In the remaining five cases, improvement occurred during treatment which we consider to be greater than could be explained by the natural fluctuations in the disease. In two of these there was a small but appreciable reduction of flexion deformities in the fingers, and in three others there was an approximately 50 per cent. reduction in the degree of swelling of the skin. This improvement was maintained, but levelled off and did not continue to the point of resolution. Figs 7 and 8 illustrate the most successful case. This patient, aged 66, had known diabetes of 13 years' duration. One year prior to our examination she developed stiffness in the flexors of the wrists and ankles, and thickening and tightness of the skin of all extremities. The hands were as in Fig. 7 . The skin of the arms and legs was bound down, and over the dorsum of the hands and feet was macerated and fissured. This is not commonly a feature of scleroderma, but the referring dermatologist and the subsequent course of the disease confirmed the diagnosis as scleroderma.
The patient was given unheated cane molasses daily for several months with little or no benefit. After six months' use of 250 ml. of raw cream daily there was a questionable reduction in swelling. The treatment was then changed to an antistiffness concentrate, and within eight weeks there occurred the striking improvement shown in Fig. 8 , which was maintained for six months with gradual healing ANNALS OF THE RHEUMATIC DISEASES of the fissures. At this time peculiar maculopapular lesions appeared above the knees. We were in doubt whether these lesions represented a progression of existing disease or were due to the large doses of the concentrate which had produced a red, maculopapular rash in some other cases. At this point treatment with anti-stiffness concentrate was discontinued and an oral bismuth preparation substituted. The lesions continued to regress, but very gradually. Three years after discontinuing anti-stiffness treatment the hands were essentially the same as in Fig. 8 , except that the maceration of the skin had almost entirely cleared up, and the swelling of the skin of the forearms and legs had further receded leaving a brown atrophic .skin partly bound down to the subadjacent structures, together with minor stiffness of the muscles, continued slight flexion deformities of some fingers, and minimal shortening of the plantar flexors of the feet.
In reviewing the whole course of this case, we see an improvement continuing over a period of over four years, but about 75 per cent. of the improvement occurred over a period of eight weeks coincident with exhibition of an anti-stiffness concentrate.
Reviewing these clinical data we may say that we have observed no objective benefit from administration of the anti-stiffness factor in rheumatoid arthritis, primary fibrositis, or calcinosis. Slight to moderate improvement occurred in four of the ten cases of scleroderma, and striking benefit occurred in one case of rather atypical scleroderma. On the bases of these findings we can state, without reservation, that the anti-stiffness factor, as available at the time of these studies, has no justifiable place in the treatment of scleroderma, dermatomyositis, or calcinosis. However, rather against our clinical feeling in the matter, a careful appraisal of the treated cases forces a conclusion that the anti-stiffness factor did cause a feeble amelioration in about half the cases of scleroderma. This would seem to reinforce the impression gained by us from comparison of the human and animal lesions that some common factor is at work in the production of both the spontaneous and experimental lesions, although this factor need not be the primary cause of either state. It is possible, for instance, that an increased concentration of colloidal calcium phosphate in the blood is the common denominator in the production of the calcinosis. It would seem that further clarification of the role of the anti-stiffness factor in human disease must await the full chemical identification of the active principle. The similarities of the lesions induced by lack of the anti-stiffness factor to the general picture of collagen disease and calcinosis seem sufficient to justify continued interest in this field. The anti-stiffness factor is not at present available for experimental or clinical use.
Summary
The anti-stiffness factor is a fat-soluble vitamin concerned with the regulation of phosphorus and calcium metabolism. Animals deprived of it develop a syndrome characterized by muscular degeneration and stiffness, calcinosis, both interstitial and circumscribed, and the general features of the collagen necrosis diseases (fever without infection, anaemia, increased sedimentation rate, eosinophilia, and reversal 106 group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from THE " ANTI-STIFFNESS FACTOR" AND CALCINOSIS of the Albumin/Globulin ratio) as well as the histologic lesions of collagen necrosis. The anti-stiffness factor prevents the onset of these lesions and in the not too far advanced phases reverses them, including the calcinosis.
Treatment of ten cases of scleroderma, four with co-existing calcinosis, with sources and concentrates of the anti-stiffness factor indicates only a feeble beneficial effect on scleroderma and none at all on calcinosis. It was less effective than older treatments still in vogue.
The syndrome has, however, a number of features (clinical, pathologic, and radiographic) in common with calcinosis, dermatoimyositis, and scleroderma, but it has also some differences, such as reversibility of the calcinosis in the experimental animals, a tendency to hyperextension deformity, and extreme lowering of the serum albumin. Species variation and the rigorous experimental conditions might explain some of these differences.
Conclusion
The experimental production of a collagen necrosis disease with calcinosis by means of a deficiency diet is of interest to the rheumatologist, and suggests the possibility of a nutritional factor in the pathogenesis of some of the collagen diseases. No claim is made that lack of the anti-stiffness factor is the primary cause of the scleroderma group of diseases, or that the increase of it in diet is effective in the treatment of these diseases.
